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The three cases of acute mesenteric lymphadenitis due to Pasteurella pseudotuberculosis are reported.
Pasteurella pseudotuberculosis Type IA was isolated from the mesenteric glands of two of the cases, and all three cases showed serological evidence of infection with the organism. The mesenteric glands of two of the cases showed histological changes characteristic of pseudotuberculosis.
Acute mesenteric lymphadenitis, mimicking appendicitis, is not uncommon in this country. Aird (1945) reports that in the Royal Hospital for Sick Children, Edinburgh, during the year 1944, there were admitted in his charge 37 patients suffering from non-specific mesenteric adenitis compared with 83 suffering from acute appendicitis and four suffering from abdominal tuberculosig. During the period May to October, 1959 , of 93 children admitted for suspected appendicitis to the Leicester Royal Infirmary, 20 were found to be suffering from acute mesenteric adenitis.
Many causes have been suggested, including infection with organisms of the dysentery group (Felsen, 1935) , infection with a hypothetical virus derived from the upper respiratory tract (Aird, 1945) , and hyperinfestation of the intestine with roundworms (Kirthi Singha, 1959) .
In 1953, Masshoff and D6lle observed certain pathological changes in the mesenteric glands of young children operated on for suspected appendicitis. At operation the appendix was found to be normal or only slightly inflamed while the ileocaecal glands were enlarged. The changes in the glands were characterized by the formation of one or more follicles consisting mainly of reticulum cells. Because of the tendency of the follicles to undergo necrosis the authors described the pathological process that they had observed as an " abscess-forming reticulocytic lymphadenitis," and suggested that it might be of viral origin, since the histological changes in the affected glands resembled those found in cat-scratch fever and lymphogranuloma inguinale. In the following year, however, Knapp (1954) and Knapp and Masshoff (1954) reported the isolation of Past.
pseudotuberculosis from the enlarged mesenteric glands of two children operated on for appendicitis. In both cases the appendix was normal. The histological changes in the glands were identical with those described by Masshoff and Dolle. From then until 1957, 117 cases of Past. pseudotuberculosis were diagnosed by Knapp and his co-workers at the Hygiene-Institut in Tubingen (Knapp, 1958 (Westwood, Macpherson, and Titmuss, 1957) .
We were unable to isolate viruses from any of the specimens examined. On the other hand, we were able to find evidence of infection with Past. pseudotuberculosis in three of the 12 children from whom both gland and serum were received. There was no serological evidence of infection with the bacterium in the other five patients.
We report here the three cases of pseudotuberculous mesenteric lymphadenitis. As On examination temperature was 101.6' and pulse rate 120. The tongue was slightly coated and moist, and foetor was present. The abdomen was not distended, but tender with muscle guarding in the right iliac fossa. There was no rebound tenderness. No masses were felt. Rectal examination revealed tenderness in the right side over the peritoneal surface. A diagnosis of acute appendicitis was made.
Operation (October 19).-The appendix looked normal. There was no Meckel's diverticulum. Appendicectomy was performed and a very large gland in the.ileocaecal angle was removed.
Progress.-Apart from a slight pyrexia of 99' on October 22 the boy made an uneventful recovery. the direct smears of the gland. Culture yielded Pasteurella pseudotuberculosis, and the organism was also isolated from a guinea-pig inoculated with a suspension of the gland (Burke strain). Histological examination showed the characteristic features of Pasteurella pseudotuberculosis infection. Serum taken on October 19 agglutinated the homologous organism to a titre of 1: 5,000 and Pasteurella pseudotuberculosis Types IA and IB to a titre of 1:3,000. Opportunity was taken to study the decline in agglutinins in this patient and the results are described later in the section on serology.
Bacteriology
Examination of Mesenteric Glands.-Each gland was examined as follows: Smears were stained by Gram's method and by a modified acid-fast technique recommended by Cook (1952) for the recognition of Pasteurella pseudotuberculosis in tissues. The gland from Case 2 was the only one to show Gram-negative and acid-fast bacilli in the smears.
The gland was then ground up in 5 ml. digest broth, and loopfuls of the suspension were inoculated on 5% horse-blood digest agar and into digest broth. Duplicate cultures were incubated at 220 C. and 370 C. for 48 hours. The Schofield strain was obtained on direct culture at 37°C. On the other hand, Burke's strain was isolated only after preliminary incubation in broth at 220 C. for 24 hours.
Guinea-pig inoculation was carried out only with Burke's gland suspension. The animal became ill on the seventeenth day after inoculation and was killed on the twentieth day. At necropsy there was a large caseating abscess at the site of injection, caseous enlargement of the regional gland, and generalized septicaemic spread with multiple nodules in the liver, spleen, and lungs. Pasteurella pseudotuberculosis was isolated in large numbers from the local lesion, organs, and heart blood.
Examination of the Appendix.-The interior of each appendix was exposed and inoculated on blood agar plates, which were incubated at 220 C. and 37°C
. and examined after 24 and 48 hours with negative results for pasteurella.
Identification of Schofield and Burke Strains. Both strains showed similar morphological, cultural, and biochemical characteristics. Both consisted of Gram-negative cocco-bacilli, motile in broth culture at 220 C. and non-motile at 370 C. They grew readily on the usual media, producing on blood agar, after 24 hours at 370 C., flat, dry, non-haemolytic colonies, with crenated edges and a dull granular surface. After 24 hours' incubation at 22°C., small moist colonies with entire edge and smooth shining surface were produced. Colonies grown at 370 tended to agglutinate spontaneously in normal saline, in contrast with those grown at 220 C. which showed no tendency to auto-agglutination. Minute colonies appeared on MacConkey's medium after 24 hours at 370 C. In broth growth was diffuse at 220 C., and tended to be more viscous at 370 C. Acid without gas was produced after 18 hours at 370 C. in dextrin, glucose, laevulose, maltose, mannitol, rhamnose, and trehalose, after 48 hours in galactose and glycerol, and after four days in salicin. Trace reactions were obtained in sorbitol and xylose. Arabinose, dulcitol, inulin, lactose, raffinose, and sucrose were not fermented after 14 days.
The methyl-red reaction was positive and the Voges-Proskauer reaction negative. Indole and H2S were not produced and gelatin was not liquefied. Urea was decomposed, litmus milk was rendered alkaline, and nitrates were rapidly reduced. Catalase was present.
Guinea-pigs injected intramuscularly with 0.5 ml. of 24-hour broth cultures of the Schofield and Burke strains died in nine and 18 days respectively. Post-mortem findings were similar to those obtained with Burke's infected gland suspension. Serology Strains of seven serotypes and subtypes of Pasteurella pseudotuberculosis were obtained from the National Collection of Type Cultures. The antigenic constitution of the different types is shown in Table I . Maitland, 1952) , and the use of cultures grown at 22°C. (Knapp, 1956) . By using a combination of these methods we were able to obtain stable heat-killed suspensions. in six doses (0.25 ml., 0.5 ml., 1 ml., 1 ml., 1 ml., 1 ml.) at four-day intervals. The animals were bled on the twenty-eighth day. The results of Burke's serum showed a rise in antibody titre two weeks after operation, but thereafter there was a steady decline until agglutinins had all but disappeared five months after onset of the illness (Table IV) . In the lymph node there was considerable sinus hyperplasia and the follicles showed well-defined centres. Towards the periphery of the node there was a single small follicle consisting of a group of polymorphonuclear pus cells and swollen cells resembling reticulum cells. The latter were quite large and an occasional cell appeared to have two nuclei. It was a very unusual type of follicle to be seen within a lymph node (Figs. 1 and 2) . No organisms could be seen in Gram-stained, Cook-stained, or Ziehl-Neelsen-stained sections.
Case 2 (Schofield).-In this case the lymphoid follicles formed an almost continuous band around the lumen of the appendix and there was a plasma cell infiltration of the mucosa itself. Within the lumen of the appendix there was granular debris, containing fairly large numbers of lymphocytes, and a smear taken from this debris showed a large number of Gram-negative diplobacilli. They were also to be seen within the lymphoid follicles. No lymph node was examined in this case.
Case 3 (Burke).-In the appendix in this case, lymphoid follicles were very prominent and they tended to be two or three layers in depth.
Sinus hyperplasia in the lymph node was distinct. In this instance there were two follicles which appeared to be slightly later in stage than the one observed in Case 1 (Sturgeon). The follicles showed central necrosis with the presence of eosinophilic-staining debris. This necrotic area was infiltrated with plasma cells and polymorphs. It was surrounded by a layer of reticulum-cells showing somewhat haphazard palisading about four cells in depth. Beyond it the reticulum cells showed no orderly arrangement. In this outer zone there was an occasional foreign-body type of giant cell, polymorph and lymphocyte (Figs. 3  and 4) . No organisms could be seen in Gramstained, Cook-stained, or Ziehl-Neelsen-stained sections.
The lesions noted in the lymph glands were not found in the lymphoid follicles of any of the appendices.
Discussion
Until a few years ago human infection with Pasteurella pseudotuberculosis was generally regarded as rare. The first authentic case was described by Albrecht (1910) . During the period between 1910 and 1952 some 15 cases were reported in the medical literature. Of these, 13 were characterized by a severe typhoid-like illness which terminated fatally in 11 cases.
In contrast to this rare septic type of infection the more frequent benign appendiceal form is now recognized. In addition to numerous cases mentioned in the German literature, other cases have been reported in Hungary (Podhragyai and Fodor, 1956 ) and in France (Ingelrans, Soots, Poupard, and Vitse, 1957; Girard, Leger, Paulhet, and Duffau, 1959) . No cases appear to have been recorded in the English language.
This new disease complex shows a predilection for children and young people (2 to 23 years) and occurs more often in males than in females. The clinical picture is that of acute or subacute group.bmj.com on November 6, 2017 -Published by http://jcp.bmj.com/ Downloaded from appendicitis with pain in the middle or right lower quadrant of the abdomen. The temperature is elevated to 1000 or even higher, and there is invariably a leucocytosis. Laparotomy shows, in most cases, a normal-looking appendix. The lymphatic glands in the ileocaecal angle and in the mesentery are enlarged either singly or in groups. The peritoneum over the lymph nodes is congested and a clear or slightly purulent exudate is often present. Inflammatory infiltration of the terminal ileum has also been described.
In our first two cases there was some preoperative doubt as to the correct diagnosis, but both patients were too unwell to justify withholding an exploratory laparotomy. The third case (Burke) was considered by his own doctor to have mesenteric adenitis, but on admission his symptoms and signs were such that there seemed to be no doubt about the diagnosis of acute appendicitis.
The findings at operation on all three patients were essentially similar. After the first two had been seen-and the diagnosis of pasteurella infection subsequently established-the third case was strongly suspected at operation and later confirmed pathologically. In all three it was obvious that the appendix was not the cause of the trouble; such exploration as could be carried out through a muscle-splitting incision failed to reveal any abnormality other than in the affected ileocaecal glands. Owing to the limited exposure obtained, the extent of the glandular enlargement could not be determined. Suppuration was not seen in any of the three cases and there was no gross oedema of the mesentery around any of the affected nodes. Peritoneal exudate was not observed.
The naked-eye appearance of the glands suggests that it may be possible to distinguish between those cases due to infection with Pasteurella pseudotuberculosis and those due to other causes. The glands seen in the nonpasteurella group appear to be pale, flattened rather than round, and uniformly enlarged. In our three cases associated with pasteurella infection the glands were dark in colour with one or two white streaks across the surface, almost round, and variable in size, the largest being about the size of a cherry and the smallest no bigger than a dried pea. All were firm, not hard, fixed within the mesentery but not adherent to it. Removal was easy and there was no undue tendency to bleeding.
The definitive diagnosis, however, is established by the isolation of the organism from the lymphatic glands, by the demonstration of specific antibodies in the serum, and through histological examination of the lymph nodes.
Pasteurella pseudotuberculosis is not readily isolated from infected glands. Only 12 of the 117 cases mentioned by Knapp, and one of nine cases reported by Schmidt (1959) , were confirmed by isolation of the organism from the lymph nodes. That incubation at 370 C. may not be sufficient is shown by the behaviour of Burke's strain, which was isolated only after preliminary incubation in broth at 220 C. Identification of the organism itself is not difficult. Its motility in 18-hour broth cultures at 220 C., its ability to grow on MacConkey medium and to decompose urea, and the caseous nodules produced in guineapigs after experimental inoculation, help to distinguish it from other members of the pasteurella group.
Antibodies to Pasteurella pseudotuberculosis can be demonstrated in the blood during the acute phase of the illness. By means of agglutination tests with live, smooth variants of Pasteurella pseudotuberculosis Types I-V, titres of 1 :80 to 1:12,800 have been recorded. In our own cases titres varied from 1: 300 on the sixth day of Sturgeon's illness to 1: 5,000 on the fourth day of Burke's attack. The tests are specific only for Types I, III, and V. The specificity of the agglutination test for Types II and IV is affected by the antigenic relationships which exist between Pasteurella pseudotuberculosis Type II and factor IV of the salmonella B group and Pasteurella pseudotuberculosis Type IV and factor IX of the salmonella D group (Kauffmann, 1933; Knapp, 1955 The same phenomenon was observed in Case 1, but to a lesser degree. These changes are not specific for pseudotuberculosis since they have also been observed in tularaemia, lymphogranuloma inguinale, and cat-scratch fever. Nevertheless, they appear to be a characteristic feature of infection with Pasteurella pseudotuberculosis and were noted by Knapp (1959) (Knapp, 1959) . Although antibiotics have been used for the treatment of the benign appendiceal form and as a prophylactic measure to prevent possible post-operative complications, it is difficult to assess their value, as most of these cases run a benign course, and those treated surgically usually make an uneventful recovery. Should the administration of antibiotics be considered necessary, the results of tests in vitro suggest that the broad-spectrum antibiotics would be the drugs of choice.
It is evident from the results of this investigation that pseudotuberculous mesenteric adenitis occurs in this country as well as on the Continent. While the definitive diagnosis rests on the isolation of the organism from the lymphatic glands the possibility of adhesions arising from routine gland biopsy must be taken into consideration (Aird, 1958) . In those cases where biopsy is deemed inadvisable, or where provisional diagnosis of acute mesenteric adenitis is made, it may be possible to arrive at a diagnosis in many cases of pasteurella infection by carrying out agglutination tests with the patient's serum against the five serotypes of Pasteurella pseudotuberculosis.
